1. Introduction {#sec1-brainsci-10-00432}
===============

Women have been increasing and sustaining their presence in the workforce for more than half a century \[[@B1-brainsci-10-00432],[@B2-brainsci-10-00432]\]. This, along with changes in economic and socio-political pressures has led to reorganization of workplaces around the world and increasing work overload for both sexes \[[@B3-brainsci-10-00432],[@B4-brainsci-10-00432],[@B5-brainsci-10-00432]\]. Although greater equality between men and women in the workplace is slowly being achieved, research shows that mental health problems related to stress at work are still sex-specific. As an example, women are approximately twice as much at risk than men to experience depression \[[@B6-brainsci-10-00432],[@B7-brainsci-10-00432]\]. On the other hand, men are between 1.5 and 3 times more likely to experience alcohol-related problems than women \[[@B7-brainsci-10-00432],[@B8-brainsci-10-00432],[@B9-brainsci-10-00432]\].

There are two leading psychological models to explain the levels of stress experienced in a workplace setting that have been successful at identifying which work-related factors can explain psychological distress \[[@B10-brainsci-10-00432],[@B11-brainsci-10-00432]\]. The first is the Demand-Control-Support model \[[@B12-brainsci-10-00432],[@B13-brainsci-10-00432],[@B14-brainsci-10-00432]\] and the second is the Effort-Reward Imbalance model \[[@B15-brainsci-10-00432],[@B16-brainsci-10-00432]\]. To date, however, psychological models of workplace stress do not usually take into account physiological markers of stress, which could help explain discrepancies in the health consequences of workplace stress in men and women.

1.1. Biological Models of Stress {#sec1dot1-brainsci-10-00432}
--------------------------------

Animals and humans respond to stress by activating the hypothalamic-pituitary-adrenal (HPA) axis. This activation unfolds by first perceiving a stressor, which triggers the hypothalamus to secrete corticotropin releasing factor. This, in turn, leads to the release of adrenocorticotropic hormone by the pituitary gland, which finally signals the adrenal glands to release glucocorticoids (cortisone in animals and cortisol in humans). Cortisol helps to mobilize energy through glucose metabolism at the expense of other systems (such as reproduction, immunity, inflammation and growth) which are not immediately required to face acute stressors \[[@B17-brainsci-10-00432]\]. Without the overt presence of stressors, diurnal cortisol levels follow a 24 h circadian profile, with an AM peak and a PM trough. In this manner, cortisol concentrations peak in the morning and slowly decline during the afternoon, evening and night. It has been established in animal studies that activating the HPA axis beyond the usual basal levels is only adaptive when this activation is brief, proportional to the magnitude of the stressor, and when baseline levels are promptly recovered \[[@B18-brainsci-10-00432]\].

On the other hand, long lasting stressors can lead to a state of chronic stress that can be detrimental to both physical and mental health. Cortisol can cross the blood--brain barrier and bind to glucocorticoid receptors mostly concentrated in the prefrontal cortex, the amygdala, and the hippocampal formation \[[@B19-brainsci-10-00432]\]. These structures also play a role in regulating the HPA axis, which can lead to a self-sustaining chronic stress state \[[@B20-brainsci-10-00432]\]. In both children and adults, cortisol in the brain has the potential to affect memory \[[@B21-brainsci-10-00432],[@B22-brainsci-10-00432],[@B23-brainsci-10-00432],[@B24-brainsci-10-00432],[@B25-brainsci-10-00432]\] and emotional regulation \[[@B26-brainsci-10-00432],[@B27-brainsci-10-00432],[@B28-brainsci-10-00432],[@B29-brainsci-10-00432],[@B30-brainsci-10-00432]\].

The brain structures affected by cortisol also play a role in identifying and interpreting situations as being stressful (or threatening), and in the selection and/or inhibition of potential responses to these situations \[[@B31-brainsci-10-00432]\]. Chronic dysregulation in glucocorticoid levels has been associated with increased risk for depression and burnout, the two conditions showing respectively increased \[[@B32-brainsci-10-00432]\] or decreased \[[@B33-brainsci-10-00432]\] levels of cortisol. Considering biological markers of stress can therefore provide crucial complementary information to understand how chronic stress can get 'under the skull' to increase vulnerability to different mental health disorders in the workplace in men and women.

Although most biological studies reveal no sex differences in diurnal cortisol levels, most report the presence of an important sex difference in cortisol reactivity to a laboratory stressor \[[@B34-brainsci-10-00432]\]. Indeed, studies show that men present significantly greater cortisol reactivity to a stressor when compared to women \[[@B35-brainsci-10-00432],[@B36-brainsci-10-00432],[@B37-brainsci-10-00432]\]. Initially, sex hormones were proposed as an explanatory factor for this difference and this mechanism has received some empirical support \[[@B35-brainsci-10-00432],[@B38-brainsci-10-00432]\]. However, the administration of medication suppressing the release of sex hormones before exposure to a laboratory stressor does not completely eliminate the aforementioned sex differences \[[@B39-brainsci-10-00432]\], pointing towards different or complemental mechanisms of action that need to be explored further.

1.2. Cognition and Stress at Work {#sec1dot2-brainsci-10-00432}
---------------------------------

One of the mechanisms explaining the discrepancy in prevalence of work-related mental health disorders could be differences in cognitive processing of information as being stressful or threatening in men and women. More precisely, differences in attentional bias towards stress-related information may be sex-specific, and this could drive sex differences currently observed in stress responses. Attentional circuits preferentially detect and process information in the environment that has immediate survival value and task relevance through selective attention \[[@B40-brainsci-10-00432],[@B41-brainsci-10-00432],[@B42-brainsci-10-00432]\]. The individual parameters that determine relevance of stimuli (as threatening or not) and adequacy of response are largely determined by the individual's previous experiences throughout life that impact the individual's perception of stressors \[[@B43-brainsci-10-00432],[@B44-brainsci-10-00432]\].

Cognitive systems are mostly shaped in childhood during critical developmental periods. Notwithstanding, but experiences later in life can also have significant influence in higher-order cognitive and emotional processes. For example, children who have been maltreated show marked sensitivity in detection of anger-related content \[[@B45-brainsci-10-00432],[@B46-brainsci-10-00432],[@B47-brainsci-10-00432]\]. Adults with anxious symptoms and/or anxiety disorders show preferential biases towards information that is specific to the feared foci of their anxiety \[[@B48-brainsci-10-00432],[@B49-brainsci-10-00432]\]. It is important to note that studies performed in human populations reveal that this attentional bias to threatening information is partly sustained by the secretion of glucocorticoids that are released during a stressful and/or an emotional experience \[[@B26-brainsci-10-00432],[@B50-brainsci-10-00432],[@B51-brainsci-10-00432]\].

As previously mentioned, secretion of glucocorticoids can be adaptative. In that sense, the enhancement of memory for stimuli inducing stressful and/or emotional responses may be essential for species' survival. However, in a context where survival is not at stake and stressful stimuli are present in a repeated way (such as in some workplace settings), chronic activation of the HPA axis might lead to an increased encoding and/or consolidation of stress-related information (bottom-up effects). This attentional bias may then lead to increased secretion of stress hormones (top-down effects). This, in turn, leads to a vicious circle in which the stress hormones released in response to a chronic stressful condition access the brain and modify the way that upcoming information are perceived and interpreted, thus leading to increased stress reactivity \[[@B52-brainsci-10-00432],[@B53-brainsci-10-00432]\].

Without underestimating the complexity of the human brain, the objective of the current study was to (1) identify if this mechanism, starting from the "filtering" mechanism can lead to a bias that is specific to workplace stress (which would modulate memory performance in response to stress), (2) if this cognitive mechanism is similar in healthy male and female workers, and (3) if it relates to biological markers of stress. Given the lack of previous data on this particular issue and the empirical nature of the protocol, we did not propose any hypothesis with regards to directionality of significant effects.

1.3. Rationale and Historical Background of the Present Study {#sec1dot3-brainsci-10-00432}
-------------------------------------------------------------

From 2011 to 2015, our laboratory conducted a study among healthy male and female workers in order to perform a Sex (differences between men and women related to biological factors) by Gender (differences between men and women related to psychosocial factors such as gender roles and socio-cultural factors) analysis on psychological and physiological markers of stress. Various papers have been published on the results of this confirmatory study \[[@B54-brainsci-10-00432],[@B55-brainsci-10-00432],[@B56-brainsci-10-00432]\]. While we were preparing the research protocol for this study, and based on data from our laboratory showing the presence of stress-induced attentional bias in young adults as a function of childhood socioeconomic status \[[@B51-brainsci-10-00432]\], we decided to develop a new cognitive task that would allow us to assess whether male and female workers differ on the recall of information related to (1) stress at work (2) positive information or (3) neutral information. The goal of this new *Work-Stress Memory Task* (WSMT) was to determine if a potential memory bias toward work-stress related information is present in male and female workers and whether it is associated with biological markers of stress. This paper presents the results of this exploratory study. Our purpose was to assess the WSMT performance before and after exposure to a laboratory stressor in male and female workers. The rationale and pre-analysis plan of this exploratory project has been pre-registered and can be found at OSF under the following address: <https://osf.io/tcbuh>.

2. Materials and Methods {#sec2-brainsci-10-00432}
========================

2.1. Sample and Missing Data {#sec2dot1-brainsci-10-00432}
----------------------------

From an initial pool of 295 participants recruited among employees of the Institut Universitaire en Santé Mentale de Montréal (IUSMM) hospital, a total sample of 204 working adults completed the original study between 2011 and 2015. The IUSMM is the largest psychiatric hospital in the Canadian province of Québec and, at the time, had a total of 1546 employees (65% women) from different professions. Participants in the study came from clinical services (29.9%), administration (17.2%), research (13.7%), social integration (11.3%), professional services (9.8%), maintenance (10.8%), general direction (4.4%) and human resources (3.0%). Participants were allowed to complete the study during their normal work hours. This study (including the WSMT) was approved by the Research Ethics Board of the same institution (2011-003).

For the current set of analyses, 201 of the participants were included since the WSMT could not be completed for technical reasons for 3 out of the 204 participants. Women comprised 70% of the sample (*n* = 141), and participant ages ranged from 18 to 72 (Average---40.48 years old; Std Dev---12.17).

2.2. Questionnaires and Tasks {#sec2dot2-brainsci-10-00432}
-----------------------------

### 2.2.1. Socio-Demographic and Psychosocial Information {#sec2dot2dot1-brainsci-10-00432}

In our analyses, we used the age (ranging from 18 to 72) as a covariate and biological sex (man/woman) of participants (all participants were cisgender) as a between-subject factor. Education level (number of years of school completed), body mass index (BMI) and self-reported chronic stress were also compared between men and women for descriptive purposes. Self-reported chronic stress was measured using the Trier Inventory for Chronic Stress (TICS), a 30-item questionnaire with 10 subscales that asks the participant to rate the levels of stress they experienced in the past month, mostly in work-related circumstances \[[@B57-brainsci-10-00432]\]. Potential differences in socio-demographic information, BMI \[[@B58-brainsci-10-00432]\] and self-reported chronic stress \[[@B59-brainsci-10-00432]\] were verified in order to make sure that men and women sub-samples were comparable.

### 2.2.2. The Work-Stress Memory Task---WSMT {#sec2dot2dot2-brainsci-10-00432}

The WSMT is an emotional declarative memory task developed by the Center for Studies on Human Stress \[[@B60-brainsci-10-00432]\]. The task comprises an initial encoding phase in which a list of 24 words is presented visually using E-Prime2 (Psychology Software Tools, Pittsburg, PA, USA). Each word is presented once for five seconds, in a random order, with explicit instructions to remember the words. This encoding phase is followed by an immediate recall of the list, in which participants have to write down all the words they remember within one minute. A delayed recall phase is conducted approximately 30 min later (after exposure to a psychosocial stress task), both recall phases are completed using pen and paper.

The 24-words list has 3 different types of word: Work-stress, Positive and Neutral. Eight words are presented in each of these three categories. In order to develop the list of work-stress words, we asked 208 working adults attending stress management workshops and conferences in different organizations to write down words that "best described stress in the workplace for them". Note that none of the participants in the original sample of this study were part of this initiative. Individuals were mostly working in IT/Engineering (30.8%), management or direction (30.8%), administrative support (8.2%) and human resources (7.2%). A frequency analysis was then performed on the answers provided by participants and we extracted the 8 most frequent words provided by the group. Positive and Neutral words were matched to work-stress words for length, and frequency of use in the English language. We also made sure that the meaning of the positive and neutral words was not directly related to work, and they were obtained using standardized word banks. The words of the WSMT can be found in [Table A1](#brainsci-10-00432-t0A1){ref-type="table"} of [Appendix A](#app1-brainsci-10-00432){ref-type="app"}.

Performance on the WSMT was calculated using the number of words recalled for each category. A perfect recall of all words of a category gives a score of 8 and recalling none of the words of a given category gives a score of 0.

### 2.2.3. Trier Social Stress Task (TSST) {#sec2dot2dot3-brainsci-10-00432}

The TSST is a laboratory-based stressor developed by Kirschbaum and colleagues \[[@B61-brainsci-10-00432],[@B62-brainsci-10-00432]\] and is one of the standard stress interventions used in a laboratory setting aimed at provoking activation of the HPA axis. It has two main phases. The first is an anticipation phase in which participants are given the instructions of the task and asked to prepare themselves. The second phase is the performance phase, in which a panel of "experts" stands on the other side of a one-sided mirror (in the panel-in version of the TSST), observing and correcting the participant during a speech and an arithmetic task. Samples of saliva are taken before and after completion of the TSST to assess cortisol reactivity to stress.

2.3. Protocol {#sec2dot3-brainsci-10-00432}
-------------

Participation in this project consisted of two laboratory visits, two days of saliva samples at work and home, one day of saliva samples during a rest day, home questionnaires and a follow-up call. During the first laboratory visit, participants gave informed consent, completed the WSMT, the TSST and some questionnaires, while providing saliva samples every 10 min for a total of 6 samples aimed at measuring cortisol levels. At-home saliva samples followed consensus guidelines \[[@B63-brainsci-10-00432]\]: samples were taken upon awakening, 30 min later, at 2 PM, at 4 PM and upon going to bed. Participants recorded the time they took their samples and a Medication Event Monitoring System (MEMS^TM^, AARDEX Ltd., Sion, Switzerland) was used to optimize compliance \[[@B63-brainsci-10-00432]\]. Questionnaires were also completed at home on a secure online platform. In this paper, results to the Trier Inventory for Chronic stress will be reported, as previously mentioned. The full list of questionnaires in the original protocol can be found in [Appendix](#app1-brainsci-10-00432){ref-type="app"} [Table A2](#brainsci-10-00432-t0A2){ref-type="table"}. Note that questionnaire instructions and practice were provided to familiarize participants with our platform; however, participants completed questionnaires at home at their leisure. During their second laboratory visit, participants handed their saliva sample and a blood sample was taken. A full list of biological measures that have been collected in this protocol can be found in previous publications using this sample \[[@B54-brainsci-10-00432],[@B55-brainsci-10-00432],[@B56-brainsci-10-00432]\] and in our pre-registration plan (see above).

### Hormonal Measures

To obtain assays, frozen samples were first brought to room temperature, then centrifuged at 150× *g* (3000 rpm) for 15 min. High-Sensitivity immunoenzyme assays were used for cortisol (Salimetrics^®^, No. 1-3102). These have sensitivity of 0.012--3 μg/dL, with inter- and intra-assay coefficients of variance, respectively, below 9.27% and 5.89%. For each sample, assays were run in duplicate, then averaged.

To assess the diurnal levels of stress hormones at work and home, the five samples from the two work days were considered. As we were interested in work-stress, the weekend samples were not considered in these analyses. The cortisol concentrations at each time point were averaged for the two days and the area under the curve (from the ground---AUCg) was calculated using Pruessner and colleagues' method \[[@B64-brainsci-10-00432]\]. To assess reactive levels of stress hormones, the six samples taken during the laboratory visit described in the previous section were used. We also calculated the area under the curve for these values, but using the increase from baseline formula (AUCi) \[[@B64-brainsci-10-00432]\].

2.4. Statistical Analysis {#sec2dot4-brainsci-10-00432}
-------------------------

Statistical analyses were conducted using IBM Statistical Package for the Social Sciences 25. Although our research objectives were pre-registered, our analyses deviate from the initial plan as we now concentrate our analyses on sex differences. For the present study, preliminary analysis assessing sex differences in socio-demographic information and hormonal measures were first conducted using independent sample t-tests and repeated measures factorial ANCOVA to set the grounds and compare the current sample to the existing literature. Results for the WSMT were then analyzed using a repeated-measures factorial ANCOVA, comparing performance at the immediate and delayed recall, for each word type, for men and women. This was done while controlling for the effects of age, given its well-established effects on declarative memory \[[@B65-brainsci-10-00432],[@B66-brainsci-10-00432]\]. Finally, performance on the immediate and delayed recall of the WSMT, for each type of words, and for men and women, was correlated with diurnal cortisol AUCg and reactive cortisol AUCi using Pearsons correlations.

3. Results {#sec3-brainsci-10-00432}
==========

3.1. Preliminary Analysis {#sec3dot1-brainsci-10-00432}
-------------------------

As shown in [Table 1](#brainsci-10-00432-t001){ref-type="table"}, independent sample t-tests revealed no sex differences in age, education level, number of hours worked, BMI and self-reported chronic stress (TICS) levels.

Further preliminary analyses were conducted with repeated measures factorial ANCOVA to replicate previously established time and sex differences in TSST reactivity and absence of sex differences in diurnal cortisol levels, while controlling for age of participants, as shown in [Figure 1](#brainsci-10-00432-f001){ref-type="fig"}. When comparing cortisol samples collected over the TSST session, there were expected effects of time (F(5, 995) = 4.313; *p* = 0.001) and sex (F(1, 199) = 6.092; *p* = 0.014), but no interaction effect (F(5, 995) = 2.065; *p* = 0.068). Cortisol levels significantly increased starting at the TSST, peaked just after and started decreasing shortly thereafter. Cortisol levels in men were significantly higher than those of women.

In contrast, statistical analysis of basal cortisol values revealed a time effect (F(4, 740) = 46.887; *p* \< 0.001), but no sex (F(1, 185) \< 0.001; *p* \> 0.999) or interaction (F(4, 740) = 0.803; *p* = 0.524) effects. Both men and women showed a typical cortisol diurnal pattern, peaking 30 min after awakening.

3.2. Performance on the Work-Stress Memory Task {#sec3dot2-brainsci-10-00432}
-----------------------------------------------

Performance on the WSMT for the immediate and delayed recall phases is presented in [Figure 2](#brainsci-10-00432-f002){ref-type="fig"} and results of the repeated measures factorial ANCOVA, comparing immediate and delayed recall of all type of words, for men and women, are shown in [Table 2](#brainsci-10-00432-t002){ref-type="table"}. Main effects of recall phase and sex were detected, along with a significant interaction between type of word and sex. There was no main effect of the type of word and the two other interaction terms, between recall phase and type of word, between recall phase and sex, and between recall phase, type of word and sex were also not significant.

### 3.2.1. Manipulation Checks for Performance on the Work-Stress Memory Task {#sec3dot2dot1-brainsci-10-00432}

Some of the significant effects in of the ANCOVA were expected in the context of a declarative memory task. Results of the main effects of recall phase and sex showed that performance on the immediate recall was systematically better than for the delayed recall, and that women recalled significantly more words regardless of the recall phase. It is also important to highlight the significant contribution of age as a covariate in this model, where memory performance was systematically lower as age increased (F(1, 198) = 23.268; *p* \< 0.001).

### 3.2.2. Sex-specific Memory Bias {#sec3dot2dot2-brainsci-10-00432}

Regarding effects of interest for our objectives, no significant sex-specificity could be detected regarding work-stress words. The significant interaction between sex and type of word was investigated with 95% confidence intervals and Bonferroni corrections. These comparisons show that women recalled more positive and neutral words than men, regardless of the recall phase, while controlling for age. This was not the case for work-stress words. With these same 95% confidence intervals, it was not possible to detect significant differences between word types for each sex separately.

3.3. WSMT Performance and Cortisol Measures {#sec3dot3-brainsci-10-00432}
-------------------------------------------

A series of Pearson correlations were conducted to determine the association between the cognitive and endocrine measures. As [Table 3](#brainsci-10-00432-t003){ref-type="table"} shows, there were no significant correlations between memory of any type of words and either reactive or diurnal cortisol, both for immediate (all *p*s \> 0.161) and delayed (all *p*s \> 0.080) recall.

4. Discussion {#sec4-brainsci-10-00432}
=============

The goal of this study was to determine whether male and female workers present a memory bias for work-stress words and whether this cognitive bias is associated with diurnal or reactive cortisol levels.

We first confirmed previous psychoneuroendocrine research by showing that men presented increased cortisol levels during a laboratory stressor when compared to women; however, there was no sex difference in diurnal cortisol levels. These results were manipulation checks, confirming the quality of our experimental protocol, given the robustness of these findings across the literature \[[@B35-brainsci-10-00432],[@B36-brainsci-10-00432],[@B37-brainsci-10-00432]\]. The second manipulation check performed on the memory task allowed us to be confident in the preliminary validity of the WSMT; namely, the presence of a decline of overall performance with age \[[@B67-brainsci-10-00432]\], higher performance in the immediate recall, and a generally better performance in women than in men \[[@B68-brainsci-10-00432]\]. These effects are also robustly found in the declarative memory literature \[[@B65-brainsci-10-00432],[@B66-brainsci-10-00432]\]. While the difference between immediate and delayed recall was expected, it is not possible to know in this particular experimental design which portion of this decline in performance was attributable to the delay, versus to the deleterious effect of the TSST on memory.

4.1. Work-Stress Bias {#sec4dot1-brainsci-10-00432}
---------------------

In relation to our main objective, we found no preferential recall for work-stress related content, whether it be compared to other types of words, when exposed to the TSST, or when compared between men and women. This result does not support the presence of a work-stress related memory bias in one sex over the other as was originally hypothesized.

The absence of a significant memory bias for work-stress related words could be explained by the fact that the words chosen as 'work-stress related' may not have a consistent valence for each individual. While the way the words were chosen for the WSMT was intended to limit researcher bias, this led to the inclusion of words with potentially ambiguous valence in the work-stress category. Indeed, words such as "team" and "management" were included in the work-stress list as they were among the most frequently reported words by our control sample. However, if these words triggered a different contextual association than work-related stress during the WSMT for our participants, they could have been interpreted as neutral of positive words. This means that there may be a heterogeneous allocation of attentional resources toward these words, rather than the increased attention usually associated with negatively valanced words \[[@B42-brainsci-10-00432]\]. One way to control for this limitation in future studies would be to verify the perceived valence of the words after the second recall for each participant. This would allow to adjust the level of perceived valence and have more precise and individualized results. This methodological feature could allow to deepen our understanding of sex differences and of the interaction between sex and type of word. Identifying words that resonate with work-stress differently for men and women would make for a more fine-grained delineation in identifying a sex difference or sex-specificity that the current study could not.

Serial position of the words could also have been a confounding factor at the individual level. While randomization of the word order for each participant was meant to remove serial position effects between subjects, it probably had an effect within each individual that we have no way of statistically accounting for in the context of this study.

Also, while the TSST is a validated method to induce the activation of the HPS axis, using a stressor more closely related to situational stress as it is experienced at work could have helped prime memory biases specific to work.

One could hypothesize that the longer the exposition to workplace stress, the stronger the potential for the development of a bias. However, in the current context, experience in the workplace is closely correlated with age, which is known to be a strong predicting factor in the decline of declarative memory performance \[[@B65-brainsci-10-00432],[@B66-brainsci-10-00432]\]. A more homogeneous sample in terms of age, but with varying levels of experience in a particular job could be a way to assess the effect of work experience, rather than age, on cognition and the development of cognitive biases.

Additionally, it is possible to test the presence of a work-stress memory bias in individuals who may have developed a stronger bias due to specific reasons that we did not consider. For example, individuals who are currently experiencing a mental-health disorder related to workplace stress (e.g., burnout) or who have had one in the recent past could be more susceptible to display cognitive biases in the context of work-stress. Studies have found differences in the processing of positive information in individuals recovering from a major depressive disorder \[[@B69-brainsci-10-00432],[@B70-brainsci-10-00432]\] and altered working memory in women on long-term sick leave due to depression \[[@B71-brainsci-10-00432]\].

4.2. Sex Differences in Relation to Memory Bias and Biological Markers of Stress {#sec4dot2-brainsci-10-00432}
--------------------------------------------------------------------------------

Interestingly, women recalled more positive and neutral words than men, regardless of the recall phase. Although this result does not confirm the presence of a memory bias toward work-stress words, it shows the presence of a sex difference in the processing of positive and neutral content in the absence of a sex difference in the processing of work-stress content, which could be seen as an indirect bias.

It is important to note that although the absence of a sex difference in the recall of work-stress related content is interesting, it could mainly be due to a more general 'negative memory bias' \[[@B72-brainsci-10-00432]\]. As previously mentioned, the only potentially negative words presented to the participants in the present study were work-stress words and it is thus possible that the effects in memory are more closely related to the negative valence of the words rather than the stress-related particularity of these words. One way to disentangle this effect would be to add a category of negative (although not related to work-stress) words to the list to be memorized. Comparing the recall of work-stress and negative content could help confirm the presence of a memory bias for work-stress content in male and female workers.

It is interesting to note that women recalled significantly more positive and neutral words than men and were less reactive to a laboratory stressor when compared to men. It is thus possible that the seemingly more efficient cognitive processing of women toward positive and neutral content has a positive impact on the secretion of cortisol, leading them to produce less cortisol in response to a laboratory stressor. Although this hypothesis is interesting, one has to be reminded that we did not find any significant correlation between number of positive and neutral words recalled by women and diurnal or reactive cortisol levels. Consequently, if this effect is present, it might be too weak to be detected in our sample with the experimental design employed. Also, as previously mentioned, some studies have found differences in processing of positive information in individuals, women in particular, with previous episodes of depression \[[@B69-brainsci-10-00432],[@B70-brainsci-10-00432],[@B71-brainsci-10-00432]\]. However, we re-iterate the necessity for replication of these results before making stronger theoretical or practical assumptions about this unexpected result.

As we just touched upon, recall of work-stress words was not associated with diurnal cortisol levels nor to cortisol reactivity to stress. Although men reacted with greater secretion of cortisol during the TSST procedure when compared to women, we found no sex difference in recall of work-stress related content. This result does not support the hypothesis of a sex-specific cognitive bias as an explanatory factor for sex differences in stress-related mental health disorders in the workplace. Furthermore, replicating the current results with a control group without the TSST between the immediate and delayed recall could help disentangle the role of reactive cortisol and of recall phase in memory performance \[[@B73-brainsci-10-00432],[@B74-brainsci-10-00432],[@B75-brainsci-10-00432]\].

5. Conclusions {#sec5-brainsci-10-00432}
==============

Despite the fact that our sample of healthy men and women showed typically expected cortisol profiles, both in basal and reactive conditions, and that performance on the WSMT replicated usual robust effects in other declarative memory tasks, we did not find direct evidence for a work-stress memory bias in male and female workers. However, women showed systematically better recall of positive and neutral words than men, pointing towards differential processing of non-threatening information in men and women. Memory performance was also not significantly associated with either reactive or diurnal cortisol, for both sexes. Testing the presence of such a bias in a population that may have had a stronger environmental or experiential incentive to develop it would allow us to have more definitive evidence on the preferential treatment of work-stress related information.
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brainsci-10-00432-t0A1_Table A1

###### 

Words used in the Work-Stress Memory Task for each word type.

  Work-Stress   Positive      Neutral
  ------------- ------------- -------------
  Pressure      Friendly      Clothing
  Tired         Happy         Radio
  Meeting       Natural       Picture
  Management    Confidence    Tablespoon
  Performance   Interesting   Screwdriver
  Anger         Brave         Brush
  Deadline      Sensible      Chemical
  Team          Beauty        Helmet

brainsci-10-00432-t0A2_Table A2

###### 

Full list of questionnaires used in the original protocol.

  Questionnaires \[Reference\]
  -----------------------------------------------------------------------------------
  Beck Depression Inventory II \[[@B76-brainsci-10-00432]\]
  Maslach Burnout Inventory \[[@B77-brainsci-10-00432]\]
  Postraumatic Stress Disorder Checklist \[[@B78-brainsci-10-00432]\]
  Job Control/Demand Scale \[[@B12-brainsci-10-00432]\]
  Effort/Reward Imbalance Inventory \[[@B79-brainsci-10-00432]\]
  Trier Inventory for the Assessment of Chronic Stress \[[@B57-brainsci-10-00432]\]
  Stress Organigram (unvalidated questionnaire)
  NUTS Questionnaire (unvalidated questionnaire)
  Zimbardo Time Perspective Inventory \[[@B80-brainsci-10-00432]\]
  Rosenberg Self-Esteem Scale \[[@B81-brainsci-10-00432]\]
  Bem Sex Role Inventory \[[@B82-brainsci-10-00432]\]
  Ten-Item Personality Inventory \[[@B83-brainsci-10-00432]\]
  Feminine/Masculine Gender Role Stress Scale \[[@B84-brainsci-10-00432]\]
  Klein Sexual Orientation Scale \[[@B85-brainsci-10-00432]\]
  Pittsburg Sleep Quality Index \[[@B86-brainsci-10-00432]\]
  Alcohol Use Disorders Identification Test \[[@B87-brainsci-10-00432]\]
  Drug Abuse Screening Test \[[@B88-brainsci-10-00432]\]
  Perceived Social Support \[[@B89-brainsci-10-00432]\]
  Subjective Memory Complains \[[@B90-brainsci-10-00432]\]
  Mental Health Continuum Short Form \[[@B91-brainsci-10-00432]\]
  Social Network Questionnaire \[[@B92-brainsci-10-00432]\]

![Diurnal and Trier Social Stress Task (TSST) cortisol levels for men and women. Panel (**A**) shows samples taken during the laboratory visit, each 10 min, with the TSST procedure occurring between 30 and 40 min. Panel (**B**) shows diurnal cortisol levels averaged over two typical working days. Adapted from \[[@B55-brainsci-10-00432]\]. Note that controlling for sex hormones in previous analyses unmasked a sex difference in diurnal cortisol \[[@B55-brainsci-10-00432]\].](brainsci-10-00432-g001){#brainsci-10-00432-f001}

![Performance on the immediate and delayed recall phases of the WSMT for each word type, by sex. Significance values indicated as follows \* *p* \< 0.05 or 95% CI; \*\* *p* \< 0.01; \*\*\* *p* \< 0.001.](brainsci-10-00432-g002){#brainsci-10-00432-f002}

brainsci-10-00432-t001_Table 1

###### 

Participant characteristics for men and women, with averages (standard deviations) and significance level of independent t-tests.

  Characteristic                                          Men             Women           *p*
  ------------------------------------------------------- --------------- --------------- -------
  Age                                                     38.97 (12.52)   40.99 (11.97)   0.278
  Education                                               16.37 (3.5)     16.5 (2.66)     0.785
  Work Hours                                              36.2 (9.63)     34.06 (7.58)    0.093
  Body Mass Index (BMI)                                   27.32 (4.98)    26.93 (6.02)    0.666
  Trier Inventory for Chronic Stress (TICS) Total Score   41.4 (15.34)    42.55 (15.06)   0.637

brainsci-10-00432-t002_Table 2

###### 

Repeated measures factorial ANCOVA comparing the number of words recalled at the immediate and delayed recall *Work-Stress Memory Task* (WSMT), for each word type, by sex.

  Effects              F        *df*       *p*
  -------------------- -------- ---------- ----------------
  Phase                8.143    (1, 396)   0.005 \*\*
  Type                 0.244    (2, 396)   0.784
  Sex                  24.618   (1, 198)   \<0.001 \*\*\*
  Phase × Type         0.593    (2, 396)   0.553
  Phase × Sex          3.599    (1, 396)   0.059
  Type × Sex           3.874    (2, 396)   0.022 \*
  Phase × Type × Sex   0.531    (2, 396)   0.588

\* *p* \< 0.05; \*\* *p* \< 0.01; \*\*\* *p* \< 0.001.

brainsci-10-00432-t003_Table 3

###### 

Pearson Correlation coefficients between recall of different type of words and reactive/diurnal cortisol measures.

  Recall Moment      Type of Word   Reactive Cortisol Tsst (auci)   Basal Cortisol (aucg)                                               
  ------------------ -------------- ------------------------------- ----------------------- ------- -------- -------- -------- -------- -------
  Immediate Recall   Work-Stress    −0.103                          0.435                   0.015   0.861    −0.060   0.675    −0.069   0.427
  Positive           −0.080         0.542                           0.046                   0.591   0.046    0.747    −0.122   0.161    
  Neutral            −0.081         0.538                           0.018                   0.828   −0.035   0.803    −0.052   0.554    
  Delayed Recall     Work-Stress    −0.175                          0.181                   0.056   0.513    0.111    0.432    0.042    0.630
  Positive           −0.133         0.313                           −0.019                  0.824   0.245    0.080    −0.119   0.169    
  Neutral            −0.075         0.571                           −0.014                  0.865   −0.035   0.807    −0.009   0.917    
